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REMARKS 

Claims 36, 39, 40, 43 and 44 were previously pending in this application. Claims 36, 39, 
40, 43 and 44 are pending for examination with claims 36, 40, and 43 being independent claims. 
Applicant notes that the word "therapeutically" was inadvertently omitted from claim 36 in the 
response filed April 21 , 2003. Claim 36 was not amended to remove the word therapeutically 
therefore in the claims presented herein, the word therapeutically appears in the claim as 
originally filed. No new matter has been added. 

Rejections Under 35 U.S.C. §112 
The Examiner has rejected claims 36, 39, 40, 43, and 44 under 35 U.S.C. §112, first 
paragraph as containing subject matter not adequately described in the specification so as to 
enable one skilled in the art to practice the invention. Applicant respectfully traverses the 
rejection. 

The Examiner states as a basis for the rejection of claims 36, 39, 40, 43, and 44 under 35 
U.S.C. §112, first paragraph, that "there is no guidance at all on the selection of suitable test 
compounds" (Office Action at page 3). Applicant respectfully disagrees with this conclusion. 
The goal of a screening assay such as that taught in the instant application is for the identification 
of suitable compounds from a wide range of sources. It is not an assay designed solely for the 
identification of compounds that are related to known inhibitors, but rather it allows one of 
ordinary skill to assess the potential usefulness of a broad range of compounds without the 
restraint of beginning with "known" inhibitors. Thus, the testing of compounds from a wide 
range of sources, e.g., commercially available libraries of compounds etc., is an art-recognized 
strategy for using an assay of the invention to identify compounds that are useful in the claimed 
treatment methods of the invention. Applicant respectfully asserts that no additional guidance as 
to compound selection is required because compound screening for the identification of 
therapeutic compounds is standard practice for those of ordinary skill in the art of drug discovery 
and medicinal chemistry. Thus, Applicant asserts that the assay provided in the specification, 
coupled with the level of knowledge in the art, provides sufficient guidance necessary for one of 
ordinary skill in the art to select compounds to test using the assays of the invention. 
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The link between MLK activity and cell death is clearly made in the specification as filed 
and a considerable amount of evidence is presented in the instant application indicating that the 
inhibition of MLK activity results in the inhibition of cell death-associated neurodegeneration. 
The existence of enzyme activity inhibitors and their use in therapeutics is well known and 
accepted in the art. It is not necessary for the Applicant to establish the exact action of the MLK 
inhibition in Parkinson's disease, but rather to indicate that it would be reasonable to one of 
ordinary skill in the art that the MLK inhibitor compounds can be used in the treatment of 
Parkinson's disease. Given that the invention is clearly within the art-accepted parameters of 
enzyme inhibitor-based therapeutics, it is sufficient to demonstrate a reasonable expectation of 
success in the use of the invention by one of ordinary skill in the art. 

The Examiner states that "effective treatments for disease conditions are relatively rare." 
Applicant respectfully submits that such an effect need not be "common"; and that the 
appropriate test for an enablement analysis is whether one of ordinary skill in the art would be 
required to use undue experimentation to practice the invention. Accordingly, requiring 
Applicant to have demonstrated a therapeutic effect as of filing of the application is an 
inappropriate standard. 

Examples of the utilization of enzyme inhibition to treat disease in vivo are widely 
available in the art because many pharmaceuticals are enzyme inhibitors. Several examples of 
enzyme inhibitor pharmaceuticals can be found in Bjelakovic et al, Competitive Inhibitors of 
Enzymes and Their Therapeutic Application, Medicine and Biology, Vol. 9, No 3, pp. 201-206, 
2002 (copy submitted herewith). In addition, an example of the utilization of an enzyme 
inhibitor to treat a neurological condition in vivo is provided in Dyker, et al, Perindopril Reduces 
Blood Pressure but Not Cerebral Blood Flow in Patients with Recent Cerebral Ischemic Stroke, 
Stroke , 28:580-583, 1997 (copy provided herewith). This publication clearly indicates that at a 
time prior to the filing date of the instant application, the teaching in the art included the use of 
enzyme inhibitors for the treatment of degenerative neurological disorders. 

The examples cited above, along with numerous other publications in the literature, 
clearly indicate that in the pharmaceutical arts at the time of filing the instant application, the use 
of enzyme activity inhibitors in therapeutic applications for disease, including degenerative 
neurological disease, was a matter of routine experimentation for one of ordinary skill in the art. 
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The instant application provides a novel target/pathway for ameliorating cell death in 
neurodegenerative diseases such as Parkinson's disease. 

The Examiner's conclusions that "effective treatments for disease conditions are rare and 
may be unbelievable in the absence of strong supporting evidence," do not preclude the use of 
enzyme inhibitors in the treatment of neurodegenerative disease such as Parkinson's disease. 
The Examiner's statement purporting a scarcity of treatments for disease, appears to conflict with 
the existence of numerous examples of the successful therapeutic utilization of enzyme inhibitors 
by those in the art. 

Determination of undue experimentation follows from the analysis of the eight Wands 
factors. In re Wands 858 F.2d 731, 737, 740, 8 U.S.P.Q.2d 1400, 1404, 1407 (Fed. Cir. 1988). 
It appears that only some of these factors were considered by the Examiner. Applicant maintains 
that full consideration of each and all of the Wands factors, in view of the state of the art at the 
time of filing, leads one to the reasonable conclusion that practicing the invention would not 
require undue experimentation. 

The Examiner has apparently considered the predictability of the art, although perhaps 
using an excessively stringent standard. In contrast to the Examiner's assertions of 
unpredictability of biological response to therapeutic treatments, the predictability of the art as a 
whole for this aspect of the invention is high. One of ordinary skill in the art could reliably 
predict that an MLK inhibitor identified and tested using the methods provided in the 
specification, can be used to ascertain its ability to inhibit MLK activity and cell death. 
Numerous model systems (both cellular and whole organism) were available at the time of filing 
to test various aspects of therapeutic efficacy of putative treatments for neurodegenerative 
disease. For example, one could have tested the MLK inhibitor compounds in cells or animal 
models of Parkinson's disease to determine the effect on cell death and the Parkinson's disease 
phenotype. Animal models of Parkinson's disease were available at the time of filing with which 
one of ordinary skill could test the compounds identified with the compound assays presented in 
the specification. It is predictable from these and other possible routine experiments that one 
could determine MLK inhibitor effect and/or efficacy. 

The Examiner stated that the instant specification is "absent actual working examples of 
how the invention would treat an individual with Parkinson's." Although it is true that no 
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working examples of treatment were provided in the specification, working examples of MLK 
inhibition as a means of inhibiting neuronal cell death (i.e., the mechanism of neurodegenerative 
diseases) were provided in the specification. 

The Examiner did not appear to consider the remaining Wands factors: 1) quantity of 
experimentation, 2) breadth of the claims, 3) the nature of the invention, 4) the state of the prior 
art, and 5) the level of one of ordinary skill in the art. Applicant submits that these factors would 
support a finding of enablement for the claimed invention. For example, very little 
experimentation is required to identify, test and use MLK inhibitors for therapy of 
neurodegenerative disease once the method of screening for such compounds is provided, as was 
done in the instant application. 

Applicant maintains that adequate examples and guidance were provided. Applicant 
provided a description of the huntingtin molecule and its use as an MLK inhibitor (see, e.g., 
Examples section). In vivo methods for testing the function of an MLK inhibitor identified using 
the methods described in the specification were well known at the time of filing and Applicant 
provided methods to test the effectiveness of identified MLK activity inhibitors in vitro and in 
cell systems as described in the Examples section. In addition, various animal models for 
Parkinson's disease were available and well known to those of skill in the art at the time of filing 
(see Parkinson's Disease Animal Models Resources, National Institute of Neurological Disorders 
and Stroke, at http://www.ninds.nih.gov/parkinsonsweb/amr/index.htm) . The descriptions 
provided in the specification as filed, in conjunction with the state of the art at the time of filing, 
provide sufficient guidance to one of ordinary skill in the art at the time of filing (in 1998) to 
make and use MLK inhibitors identified using the screening assays of the invention. Thus, 
Applicant asserts that it would be considered routine for one of skill in the art to use such an 
animal model to test the efficacy of MLK inhibitors given the teaching in the specification as 
filed and the knowledge of one skilled in the art. 

With respect to the working examples Wands factor, the court in Wright stated that 
"Nothing more than objective enablement is required, and therefore it is irrelevant whether this 
teaching is provided through broad terminology or illustrative examples." In re Wright 999 F.2d 
1557, 1561, 27 U.S.P.Q.2d 1510, 1513 (Fed. Cir. 1993) citing In re Marzocchi 439 F.2d 220, 
223, 169 USPQ 367, 369 (C.C.P.A. 1971). Applicant has provided not only broad terminology 
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which is readily understandable to one of ordinary skill in the art, but also illustrative examples 
as noted above. Thus the examples and guidance presented are not, by themselves, sufficient 
reasons to find undue experimentation. 

The quantity of experimentation that would be required to practice the claimed invention 
is not excessive. Rather, the nature and quantity of such experimentation is completely routine 
in the relevant art. Use of the provided assay to identify MLK inhibitors, and testing such 
inhibitors, are standard experimental procedures in molecular biology. For example, given the 
state of the art, one of ordinary skill in the art would only use routine experimentation to identify 
a series of MLK inhibitor compounds and test them in cells and/or animal systems. Such 
experimentation is routine as shown by the cited references and numerous other references 
publicly available at the time of filing of the application. Accordingly, any experimentation 
required would not be undue. 

Applicant also submits that the claims are not excessively broad. Applicant has claimed 
administration of MLK inhibitors identified with the disclosed assays, which reduce cell death. 
The nature of the invention, the use of enzyme inhibitors to treat disease, including 
neurodegenerative disease, is well known to one of ordinary skill in the art. 

The last two Wands factors are important to any determination of undue experimentation. 
In the Wands case, for example, the court's decision turned on the "high level of skill in the art at 
the time the application was filed", and that "all of the methods needed to practice the invention 
were known." Wands at 740, 8 USPQ2d at 1406. Applicant maintains that the same conclusions 
with respect to the state of the art and the level of skill in the art are true in the instant case, and 
therefore must weigh heavily in favor of a finding that undue experimentation is not required. 

The level of skill in the art has an important effect on the amount of guidance which must 
be provided to enable the invention. As the court stated in In re Howarth, "[i]n exchange for the 
patent, [the~applicant] must enable others to practice his invention. An inventor need not, 
however, explain every detail since he is speaking to those skilled in the art ." (emphasis added) 
In re Howarth, 654 F.2d 103, 105 (C.C.P.A. 1981). Thus the level of knowledge of one of 
ordinary skill in the art cannot be ignored in the Wands factor analysis. For the standard 
procedures contemplated in the application, the level of skill in the art is high. Applicant 



749237.1 



Serial No.: 09/886,964 
Conf.No.:6742 



-9- 



ArtUnit: 1651 



maintains that the person of skill in the art of molecular biology or medicine would know how to 
identify, test, and use MLK inhibitors of the invention. 

In summary, a full analysis of the Wands factors favors a conclusion that only routine 
experimentation would be required of one of ordinary skill in the art to practice the claimed 
invention throughout its scope. Accordingly, Applicant respectfully requests that the Examiner 
withdraw the rejections of claims 36, 39, 40, 43, and 44 under 35 U.S.C. §112, first paragraph. 

Rejections Under 35 U.S.C. §103 

The Examiner rejected claims 36, 39, 40, 43 and 44 under 35 U.S.C. §103(a) as being 
unpatentable over Miller et al. (US 6,060,247). Applicant traverses the rejection. 

To support a prima facie case of obviousness, the Examiner must demonstrate that the 
cited reference teaches all of the claimed features, there would be motivation to modify the 
teaching in the reference to make the claimed invention, and there would be a likelihood of 
success in making the modification. Applicant respectfully asserts that although the Examiner 
seems to suggest that the claimed invention was obvious to try based on the '247 patent, the 
Examiner has not met the standard necessary to support a prima facie case for obviousness of the 
claimed invention based on the '247 patent. 

Applicant submits that although the '247 patent provides a screening assay for finding test 
compounds that have neuronal death and/or growth-modulating activity, the patent does not 
specifically teach the use of a compound that inhibits MLK activity as a treatment for 
Parkinson's disease. The '247 patent provides a lengthy list of diseases associated with cell 
death (e.g. cancer) and refers to Parkinson's disease in the Background of the Invention. In 
addition, the '247 patent lists various adenovirus constructs and contemplates their use in 
screening assays. One construct deemed relevant by the Examiner is the adenovirus construct 
MLK (mixed lineage kinases— SPRK, DLK, ZPK, MUK), which is described at col. 29, line 53- 
54. Applicant respectfully asserts that the teaching in the '247 patent fails to provide a 
reasonable expectation of success. 

The f 247 patent teaches use of adenovirus constructs to identify compounds that either 
increase or decrease apoptosis, but the '247 patent offers no teaching as to how one would select 
one versus another type of adenovirus construct to identify a compound to treat any specific 
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disease or disorder. The Examiner has not indicated why a skilled artisan, without knowledge of 
the relationship between MLK 5 apoptosis, and/or Parkinson's disease, would have selected one 
particular adenovirus construct assay from among the many disclosed in the '247 patent. 
Furthermore, the '247 patent does not indicate whether MLK expression is associated with the 
inhibition of apoptosis or with the induction of apoptosis. Therefore, the '247 does not teach or 
even suggest the identification and/or administration of a compound that inhibits MLK activity 
for the treatment of Parkinson's disease. Thus, the '247 patent does not provide all the elements 
of the invention claimed in the instant application, and the proper showing to support an 
obviousness rejection has not been provided. 

Applicant respectfully asserts that the Examiner has failed to provide any evidence of 
motivation for one of ordinary skill to use the disclosures of the 747 patent to make the instant 
claimed invention. In particular, Applicant asserts that the '247 patent does not teach the use of 
compounds that inhibit MLK activity for the treatment of Parkinson's disease. First, the '247 
patent does not teach that the use of any compounds identified using any specific adenovirus 
construct would be useful for the treatment of any particular disease. Whether or not the '247 
patent provides a general motivation to one of ordinary skill in the art to make and use various 
adenovirus-based assays to identify cell death-associated compounds, the '247 patent does not 
provide the motivation required for a finding of obviousness. The Examiner must demonstrate a 
specific motivation to identify compounds that are MLK inhibitors and then apply those 
compounds to the treatment of Parkinson's disease, as claimed by Applicant, e.g., the '247 patent 
must have taught the use of the adenovirus construct to identify MLK activity inhibiting 
compounds and to use these compounds for the treatment of Parkinson's disease. In re Werner 
Kotzab, 217 F.3d 1365, 1371, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000) ("[A] rejection cannot be 
predicated on the mere identification ... of individual components of claimed limitations. 
Rather, particular findings must be made as to the reason the skilled artisan, with no knowledge 
of the claimed invention, would have selected these components for combination in the manner 
claimed.") Applicant respectfully asserts that the '247 patent does not meet this requirement. 

Applicant respectfully submits that the Examiner has not supplied any motivation or 
reason why one of ordinary skill in the art would select the MLK activity inhibitors for use in the 
treatment of Parkinson's disease from among the alternative screening assays, inhibitors and 
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enhancers, and diseases provided in the '247 patent. In essence, the Examiner appears to be 
suggesting that the claimed invention was obvious to try based on the prior art. "Obvious to try," 
however, is not a proper and legitimate standard for unpatentability, and does not constitute 
obviousness. In re Fine, 837 F.2d 1071, 1075, 5 USPQ2d 1596, 1599 (Fed. Cir. 1988). 

In summary, the '247 patent does not provide the elements of Applicant's claimed 
invention, nor does it provide the specific and clear motivation required under the law to identify 
MLK inhibitors and administer them to treat Parkinson's disease as required to obtain the 
claimed invention. The Examiner has not indicated any other source for motivation to modify 
the teachings of the '247 patent to obtain the claimed invention. Accordingly, Applicant 
respectfully requests that the Examiner withdraw the rejection of the claims under 35 U.S.C. 
§103 based on US 6,060,247 (Miller et al.). 
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CONCLUSION 

In view of the foregoing amendments and remarks, this application should now be in 
condition for allowance. A notice to this effect is respectfully requested. If the Examiner 
believes, after this amendment, that the application is not in condition for allowance, the 
Examiner is requested to call the Applicant's representative at the telephone number listed 
below. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee that is not covered by an enclosed check, 
please charge any deficiency to Deposit Account No. 23/2825. 

Respectfully submitted, 
Ya Fang Liu, Applicant 



By: 




MaryDilys S. Anderson, Reg. No.52,560 
Wolf, Greenfield & Sacks, P.C. 
600 Atlantic Avenue 
Boston, Massachusetts 02210-2211 
Telephone: (617) 720-3500 
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Mouse 



Chemical Lesion Models 



Chemical 


Administration 


Phenotype 


Reference 


MPTP** 


Systemic 






MPTP + 
maneb 


Systemic 


Exacerbation nf 
MPTP phenotype on 
locomotion and 
catalepsy. 


l clival Idol II t cL dl. 

Res Commun Chem 
Pathol Pharmacol 
1989; 66(1):167-70. 


MPTP + 
Probenicid 


Systemic 


Chronic lo^ of 

WIIIWIIIw IUOO \J 1 

dopamine, gradual 
loss of nigral 
neurons. Motor 
decline as assessed 
by rotorod. 


r cLlUoKc, SI al. 

Neuroscience 

2001;106(3):589- 

601. 


6-OHDA*** 


Stereotactic 
injection 


Acute nigrostriatal 
denervation. Dose- 
dependent 
amphetamine and 
apomorphine- 
induced 
circling. NOTE: 
effects of 6-OHDA in 
mice are transient. 


Przedborski, et al. 
Neuroscience 1995; 
67(3):631-47. 


Paraquat 


Systemic 


Loss of nigrostriatal 
neurons and 
terminals. Reduced 
ambulatory activity. 


Brooks, et al. Brain 
Res 1999; 823(1- 
2):1-10 


Paraquat + 
maneb 


Systemic 


Cell loss in 
substantia nigra, 
reduced TH and 
dopamine. 


Thiruchelvam, et al. 
J Neurosci 2000; 20 
(24):9207-14. 


3 

nitrotyrosine 


Intrastriatal injection 


Acute striatal 
degeneration, TH 
loss, ipsilateral 
turning behavior 
with amphetamine. 


Mihm, et al. J 
Neurosci 2001; 21 
(11):RC149. 



*note: combined use of pesticides or toxins tends to give enhanced phenotype. 
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**note: MPTP toxicity varies with different mouse strains. For review of 7 strains, 
see: Hamre, et al. Brain Res 1999; 828:91-103. 
***note: rats more commonly used with 6-OHDA due to welt-established 
stereotactic technique and lower costs. 
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Summary. Enzymes catalyze virtually every biochemical process in the cell. The usefulness of the most important 
pharmaceutical agents, antimetabolites, is based on the concept of competitive enzyme inhibition. The antimetabolites 
are structural analogues of normal biochemical compounds. As competitive inhibitors they compete with the naturally 
substrate for the active site of enzyme and block the formation of undesirable metabolic products in the body. 
Antibacterial, antiviral and anticancer pharmaceutical agents are among numerous examples of antimetabolites. Sulfa 
drags, sulfanilamide, structural analogs of amino acids (cycloserine, L-Jluoroalanine), folic acid antagonists (4- 
aminoAQ-methyl folic acid=methotrexate), analogues of purine and pyrimidine (6-mercaptopurine, allopurinol, 5- 
fluorouracil, 5-azacytidine), inhibitors of polyamine biosynthesis (difluoromethyl ornithine, methylglyoxal-bis (guanyl 
hydrazone)) are the most used in modern chemotherapy The use of enzyme inhibitors, antimetabolites, beside the 
therapeutic significance has also provided valuable informations about enzyme mechanisms and has helped to define 
some metabolic pathways. 

Key words: Enzyme inhibitors, sulfa drugs, antimetabolites, folic acid antagonists, purine and pyrimidine 
analogues, poly amines antagonists, chemotherapy 



Introduction 

Enzymes are the reaction catalysts of biological 
systems which accelerate and direct specific biochemi- 
cal reactions. Great specificity (speciality) of enzymes is 
a very important biological phenomen which assures 
high coordination to yield a harmonious interplay 
among many different metabolic activities necessary to 
sustain life. 

Modification of enzyme activity 

It is well known that activities of intracellulary and 
extracellulary enzymes depend on numerous constitu- 
ents of medium or circumstances. The most important 
factors which influence enzyme activity are presented 
by enzyme concentration, the amount of specific en- 
zyme substrate, electrochemical reaction of medium for 
enzyme activity (pH), the presence of activators (spe- 
cific or nonspecific) as well as the presence of inhibitors 
(naturaly occuring or intended for specific purpose, co- 
monly used as chemotherapeutic agents). 

Inhibitors of enzymes 

The inhibitors of enzyme activity are chemical sub- 
stances, which in small quantity decrease the activity of 
enzymes in a specific chemical way. As a result of the 



inhibitor - enzyme interaction enzyme-inhibitor a com- 
plex is formed: once bound, the enzyme cannot convert 
the inhibitor to products. The existence of specific natu- 
rally occurring enzyme inhibitors, like antithrombin, 
antipepsin and antitrypsin, controls the enzyme activity 
in human the body and under physiological circum- 
stances assures their intracellular and extracellular ac- 
tion. Among the naturally occurring enzyme inhibitors 
there are also intermediary products formed during 
some metabolic pathways. Product inhibition provides a 
limited mean of control or modulation of substrate flux 
through the pathway. If one or more enzymes are allo- 
steric enzymes particularly sensitive to product inhibi- 
tion, the output of end product of the pathway will be 
suppressed (1). 

Mechanism of competitive 
inhibitors action 

Competitive inhibitors are compounds that resemble 
structurally the substrate and compete with substrate for 
the active site of an enzyme to form an enzyme-inhibi- 
tor complex. Once the inhibitor occupies the active site 
of enzyme it prevents binding of substrate and abolishes 
the formation of normal metabolic product (1,2). In- 
hibitor binds reversibly the enzyme and because of that 
the competition can be decreased simply by adding 
more substrate. When enough substrate is present the 
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probability that an inhibitor molecule will be bound is 
minimized, and enzyme reaction exhibits a normal V^. 
In the presence of competitive inhibitor Michaelis- 
Menten constant, Km will increase (2), 

Application of competitive inhibitors 
in medicine 

Enzymes catalyze virtually every process in the cell 
and it should not be surprising that enzyme inhibitors 
are among the most important pharmaceutical agents 
known. Classic example of competitive inhibitor of sue- 
cinate dehydrogenase is malonic acid / HOOC-CH 2 - 
COOH /, structural analog of succinic acid/ HOOC-CH 2 
- CH 2 - COOH / (Fig. 1). In the presence of malonic 
acid succinate dehydrogenase activity, one of citric acid 
cycle enzymes, is inhibited, and the reaction of citric 
cycle is blocked, respectively (1-2). 

<j:oo e 

<pH 2 COO° 

CH 2 CH 2 

COO e COO 9 

Succinate Mallonate 
Fig. 1. 



Application of sulfa drugs in medicine 

Modem chemotherapy had its beginning in com- 
pounds with the general formula R-S0 2 -NHR, The 
simplest member of sulfa drugs is sulfanilamide, an 
antibacterial agent. Sulfanilamide is an antibiotic useful 
in the treatment of some kidney infection. As a struc- 
tural analog of p-aminobenzoic acid (PABA) (Fig. 2), 
sulfanilamide inhibits bacterial growth. PABA is a 
structural part of folic acid, which is composed of pteri- 
dine, p-aminobenzoic acid and glutamic acid. Some 
kinds of bacteria require folic acid for their growth and 
division. As the structural analog of p-aminobenzoic 
acid sulfanilamide is a competitive inhibitor for bacte- 
rial dihydrofolate synthetase. Thus bacteria are starved 
of the required folate and cannot grow and divide. Sul- 
fanilamide is antibiotic useful in the treatment of some 
kidney infection. This drug is highly toxic to bacteria 
that must synthesize their own folic acid. Since humans 
require folate from dietary source, the sulfanilamide is 
not harmful at the doses that kill bacteria (2). 




p-Aminobenzoate Sulfanilamide 
Fig. 2. 



Most modern drug therapy is based 
on the concept of enzyme inhibition 

Competitive inhibition is used therapeutically to 
treat patients who have ingested methanol. In the human 
body ingested methanol is converted into formaldehyde 
by the action of the enzyme alcohol dehydrogenase. 
Formaldehyde damages many tissues, and blindness is a 
common result because the eyes are particularly sensi- 
tive. The therapy of methanol poisoning is intravenous 
infusion of ethanol; ethanol competes effectively with 
methanol as a substrate for alcohol dehydrogenase. 
Ethanol is also substrate for alcohol dehydrogenase 
forming acetaldehyde and acetate. Intravenous infusion 
of ethanol slows down the formation of formaldehyde 
so that most of methanol can be excreted harmlessly by 
urine. 

The application of therapeutical drugs as a specific 
enzyme inhibitors, inhibits the playing of unwanted 
metabolic pathways in the body and for that reason 
these drugs are named antimetabolites (2). Antibacte- 
rial, antiviral and antitumor drugs belong in the group of 
this drugs. The administration of those drugs to the pa- 
tients causes limited toxicity because there are few criti- 
cal metabolic pathways that are unique to tumors, vi- 
ruses, or bacteria; hence drugs that kill these organisms 
will often kill host cell. Antimetabolites are compounds 
with some structural difference from the natural sub- 
strate and belong in the group of competitive enzyme 
inhibitors. Sulfa drugs, structural analogs of amino ac- 
ids, folic acid antagonist, analogs of purines and pyri- 
midines belong to this group of enzyme inhibitors. 



Structural analogs of amino acids 

Structural analogs of amino acids are used as anti- 
bacterial drugs. D-amino acids, like D-alanine and D- 
glutamic acid, occur as structural part of bacterial cell 
walls and peptide antibiotics. D-Amino acids arise di- 
rectly from the L isomers by the action of amino acid 
racemases, which have pyridoxal • phosphate as a re- 
quired cofactor. Racemisation of amino acids is 
uniquely important to bacterial metabolism, and enzyme 
such as alanine racemase represent prime targets for 
pharmaceutical agents. One such agent, L-fluoroalanine 
(Fig. 3), is being tested as an antibacterial drug. Cyclo- 
serine, analog of serine (Fig. 4), is already used to treat 
urinary tract infection and tuberculosis. In modern psy- 
chiatry cycloserine is frequently used as a therapeutic 
agent (3-5). As a structural analog of serine, cycloserine 
inhibits the synthesis of sphingosine, sphingomyelin 
respectively (6). 

H \ c _ c / 

CH 2 / * 

I H 3 N O 

F J @ 

L-Fluoroalanine Cycloserine 
Fig. 3. Fig. 4. 

Folic acid antagonists-antifolates 

Folic acid, folacin or pteroil glutamic acid belong to 
the group of water soluble vitamins. Fresh leafy green 
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vegetables, cauliflower, kidney and liver are rich sources 
of folic acid. The physiological function of folic acid 
coenzymes is in the synthesis of purine nucleotides and 
thymine, precursors in the synthesis of RNA and DNA 
intracellulary, respectively. The folic acid coenzymes are 
specifically concerned with biochemical reactions 
involving the transfer and utilization of the single carbon 
(C 1} ) moiety. Before functioning as a Q carrier, folic acid 
must be reduced, first to 7,8-dihydrofolic acid (H 2 - 
folate) and then to the tetrahydro compound (H4- 5,6,7,8- 
tetrahydrofolic acid) catalyzed by folic acid reductase 
which uses NADPH as hydrogen donor.The participation 
of folic acid coenzymes in reaction leading to synthesis of 
purines and to thymine, the methylated pyrimidine of 
DNA, emphasizes the fundamental role of folic acid in 
the growth and replication of cells. Cancer cells grow 
more rapidly than the cells of most normal tissues and 
thus they have greater requirements for nucleotides as 
precursors of DNA and RNA synthesis. Consequently, 
cancer cells are generally more sensitive to inhibitors of 
nucleotide biosynthesis than are normal cells. 



?] fH--cj- N ~\ /~ C-NH-CH-CH 2 — CH a — COcf 




Methotrexate 
Fig. 5. 

The folic acid antagonists, methotrexate and ami- 
nopterin, close structural analogs of folic acid, as anti- 
tumor agents have found clinical application in the 
treatment of malignant diseases, especially in the treat- 
ment of leukemia in childhood (7-10), Antifolates, fo- 
late analogs, aminopterin (4-amino folic acid) and 
methotrexate (amethopterin, 4-amino- 1 0-methylfolic 
acid) (Fig. 5) are extremely potent competitive inhibi- 
tors of the dihydrofolate reductase and thymidylate 
synthetase and because of that inhibits the synthesis of 
RNA and DNA. Dihydrofolate reductase enzyme is 
needed for the reduction of dihydrofolic acid (DHF) to 
tetrahydrofolic acid (THF). Dihydrofolate reductase 
binds methotrexate about 100 times better than dihydro- 
folate. Thymidylate synthetase uses methyl-tetrahydro- 
folic acid as a substrate and transfer methyl group to 
uracil present in the deoxyuridinemonophosphate 
(dUMP); in this transmethylation reaction deoxythymi- 
dinemonophosphate (dTMP), precursor in the biosyn- 
thetic pathway of DNA, is formed which represents the 
key step in the cell replication and division. Enzyme 
dihydrofolate reductase binds methotrexate about 100 
time better than dihydrofolate. The development of drug 
resistance to methotrexate appears if the chemotherapy 
prolongs. Tumor cells that acquired MTX resistances 
have been found to have an increased number of DNA 
gene copies encoding for enzyme dihydrofolate reduc- 
tase. This form of multiple gene reduplication is called gene 
amplification The amplified DHFR genes in MTX-resis- 
tance cells produce a markedly increased number of copies 



of DHFR enzyme, for exceeding the amount of MTX that 
can be delivered to cell, and thereby allows tumor cell DNA 
synthesis and tumor regrowth occurrs (11). 

The application of methotrexate distrurbs the 
metabolism of polyamines in rapidly growing tissues. 
Inhibition of polyamine oxidase, the key enzyme in bio- 
degradation pathway of spemine and spermidine, in- 
duced by methotrexate in regenerating rat liver tissue 
(12) is probably the consequence of the inhibition of 
nucleic acids and protein synthesis. 

Structural analogs of purine and 
pyrimidine 

6-mercaptopurine (6-MP), the analog of hypoxan- 
thine and adenine (Fig. 6), is a useful antitumor drug in 
humans. In the C 6 position of purine ring of hypoxan- 
thine or adenine instead of NH 2 or OH group 6-MP has 
SH group (1,2). 6-thioguanine (6-TG) is also thio-pu- 
rine, analog of guanine. Both thioguanines, 6-MP and 6- 
TG are converted to nucleotide form by hypoxanthin- 
guanine phosphoribosyl transferase (HGPRT): their 
meabolites inhibit a number of enzymes in the purine 
pathway; some metabolites of thioguanine are incorpo- 
rated into both DNA and RNA (16, 18). By incorpora- 
tion and inhibition of nucleic acid synthesis this thio- 
guanine is pariculary used in hemotherapy of malignant 
diseases (10, 13-16). Well known competitive inhibitor 
of enzyme, as a therapeutic agens in medicine is allopu- 
rinol, administrated to patients who suffer of gout. Gout 
is a disease of joints, usually in males, caused by an 
elevated concentration of uric acid in blood and tissues. 
The precise cause of gout is not known, but it is sus- 
pected to be due to genetic deficiency of one or another 
enzyme concerned in purine metabolism. The principal 
enzyme in this metabolism is xanthine oxidase (2). 




6-Mercaptopurine 
Fig. 6. 

Allopurinol is structural analog of hypoxanthine 
(Fig. 7) and represents a competitive inhibitor of xan- 
thine oxidase. When xanthine oxidase is inhibited the 
conversion of purines into uric acid is stopped; in this 
case the excreted products of purine metabolism are 
xanthine and hypoxanthine, which are more soluble in 
water than uric acid and less likely to form crystalline 
deposits (4). 





Hypoxanthine (enol form) 
Fig. 7. 



Allopurinol 
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5-fluororacil (5-FU) is a thymine analog in which the 
ring bound methyl group is substituted by fluorine 
(Fig. 8). The deoxynucleotide of this compound is an 
inhibitor of thymidilate synthetase. 5-FU undergoes 
biotransformation to ribosyl and deoxyribosil nucleotide 
metabolites. 5-fluorouridine triphosphate is incorporated 
in RNA and interferes with RNA processing and function. 




Fluorouracil 
Fig. 8. 

Incorporation of 5-fluorouracil into deoxyribonu- 
cleotide, 5-fluorodeoxyuridine monophosphate, results 
in irreversible inhibition of enzyme thymidylate sun- 
thetase and impossibility of thymidylate (TMP) synthe- 
sis. Inhibition of thymidine monophosphate formation 
blocks DNA synthesis and cell multiplication (10, 16- 
18). 5-FU is an important anitcancer agent in the treat- 
ment of different solid tumors. 

Cytosine arabinoside, ara-C, also belongs to the 
group of pyrimidine antagonists. This nucleoside is a 
specific agent of cell division S-phase especially used in 
acute nonlymphocyte leukemia therapy and less in the 
treatment of other malignant hematologic diseases. In- 
tracellularly cytosine arabinoside is metabolised into 
active form, ara-CTP, which competitively inhibits 
DNA polymerase, thus blocking DNA synthesis (10). 

NH, 

1 



HOCH 2 



OH OH 

5-Azacytidine 
Fig. 9. 

Another structure analog of cytidine is 5-azacytidine 
(Fig. 9). Intracellular^ 5-Aza-C is metabolised into 5- 
aza-CTP afterwhat it is involved in DNA and RNA 
synthesis, damaging protein synthesis. 

The possibility of application of purine and pyrimidine 
structural analogs as competitive inhibitors in resembling 
nucleotide biosynthesis is not limited only to cancer 
treatment All rapidly growing cells (including bacteria and 
protozoa) are potentially sensitive to these agents (1). 

Structural analogs of polyamines 
as anticancer agents 

Polyamines, spermine, spermidine and putrescine 
are normal cell constituents. Accelerated biosynthesis 
and accumulation of polyamines are directly connected 



to cell growth and proliferation (20,21). The key en- 
zymes in their biosynthesis are ornithine decarboxylase 
(ODC), which produce putrescine, and S-adenosyl- 
methionine decarboxylase which is involved in sper- 
midine and spermine synthesis (22). Structural analogs 
of ornithine a -methyl ornithine (Fig. 10) and difluo- 
romethyl ornithine (Fig. 11) are the most used competi- 
tive inhibitors (23-25). 



H 2 N-CH a -CH 2 -CH 2 - 



CH 3 

-C-COOH 
I 

NH 2 
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Fig 10. a-Methylornithine Fig. 11. Difluoro-methylornithine 

Methyl-glyoxal-bis (guanyl hidrazone), MGBG, in- 
hibits activity of S-adenosylmethionine decarboxylase 
(SAMDC), the key enzyme in spermidine and spermine 
synthesis (26-28). The application of MGBG (Fig. 12) as 
antiproliferative agent, is used in chemotherapy of ma- 
lignant diseases; it is based on the fact that accelerated 
polyamine biosynthesis preceedes the accelerated nu- 
cleic acid synthesis which provides rapid cell prolifera- 
tion. Blockade of polyamine synthesis slows down cel- 
lular growth and proliferation of malignant tissues (29). 
The new drugs in the treatment of colon cancer are highly 
specific and non-toxic hydroxylamine-containing com- 
petitive inhibitor of ornithine decarboxylase (ODC) 1- 
aminooxy-3-aminopropane (APA), structural analog of 
ornithine (Fig. 13) and competitive inhibitor of S-ade- 
nosyl-methionine decarboxylase (SAMDC), 5*-deoxy-5'- 
adenosyl-methylthioethyl-hydroxylamine, (AMA) (Fig. 
14), structural analog of S-adenosyl-methionine (30). 
This hydroxylamine - containing inhibitors od ODC and 
of SAMDC inhibit colon cancer cell proliferation and 
might be therapeutically promissing in colon cancer. 

H 2 N— C— NH— N=CH— C— N— NH— C— NH 2 
NH CH 3 NH 

MGBG 
Fig 12. 
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Fig. 13. l-aminooxy-3-aminopropane 
-N 
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Fig. 14. S'-deoxy-S'-adenosyl-methylthioethyl-hydroxylamine 

The application of specific inhibitors of polyamine 
biosynthesis or degradation enables more detailed un- 
derstanding of polyamine physiological role. 
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KOMPETITIVNI INHIBITORI ENZIMA I NJIHOVA TERAPIJSKA PRIMENA 



Gordana Bjelakovid, Ivana Stojanovid, Goran B. Bjelakovid 1 , 
Dusica Pavlovid, Gordana Kocid, Angelina Dakovid-Milic 

Biohemijski InstitutJ Klinika za Hepato-Gastroenterologiju, Medicinski Fakultet, Nis 

Kratak sadrzaj: Enzimi katalizuju gotovo sve biohemijske procese u celijl Primena mnogih lekova u medicini, 
antimetabolita, baziranaje na konceptu kompetitivne enzimske inhibicije. Antimetaboliti se veoma malo strukturalno 
razlikuju od prirodnih enzimskih supstrata. Svoja speciflcna dejstva ispoljavaju ponasajuci se kao kompetitivni 
inhibitori odredenih enzimskih reakcija blokirajuci formiranje nezeljenih metabolita u organizmu. U antimetabolite 
spadaju antibakteriski, antivirusni i antitumorski lekovi. Najzastupljeniji od njih jesu sulfonamide strukturni analozi 
amino kiselina (cikloserin, 5-fluoroalanin), antagonist folne kiseline (4-amino-10-metilfolna kiselina -metotreksat), 
analozi purina ipirimidina (6-merkaptopurin, alopurinol, 5-fluorouracil, 5-azacitidin) t inhibitori biosinteze poliamina 
(a-difluorometil ornitin, metillglioksal-bis (guanil hidrazone=MGBG). 

Primena enzimskih inhibitora, antimetabolita.osim terapiskog znacaja, omogucava bolje razumevanje raznih 
metabolickih puteva, kao i bolje upoznavanje mehanizma delovanja enzima. 

KljuCne re£i: Enzimska inhibicija, sulfonamide antimetabolite antifolati, analozi purina ipirimidina, 
analozi poliamina, hemioterapija 
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Background and Purpose The relationship between high blood 
pressure and the incidence of stroke is well established. Currently the 
effects of lowering blood pressure in patients with established 
cerebrovascular disease is undetermined, and there is continuing 
concern regarding the treatment of patients soon after a stroke event. 
Angiotensin-converting enzyme inhibitors maintain cerebral blood flow despite lowering blood 
pressure in patients with heart failure and otherwise uncomplicated hypertension. We tested the 
hypothesis that perindopril, an angiotensin-converting enzyme inhibitor with a gradual onset of 
action and a minimal first-dose hypotensive effect, lowers blood pressure without adversely 
affecting cerebral blood flow in patients 2 to 7 days after symptoms of cerebral infarction. 



Methods Patients were randomized to receive 15 days of oral perindopril (4 mg) or placebo in a 
double-blind study. Blood pressure was monitored semiautomatically. Cerebral blood flow was 
calculated from internal carotid artery and vertebral Doppler ultrasound, supplemented by middle 
cerebral artery blood velocities. 
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Results Twenty-four patients completed the protocol; four additional patients were withdrawn for 
reasons unrelated to treatment. Patients on perindopril had a placebo-corrected reduction in blood 
pressure of 19/1 1 mm Hg. Blood pressure remained reduced after 2 weeks of treatment. In 
contrast, total cerebral blood flow was unaffected by perindopril. Neurological symptoms 
improved similarly in both groups. 

Conclusions Perindopril was well tolerated and effectively reduced blood pressure without 
reducing carotid territory blood flow in patients with symptoms of recent cerebral ischemia. 

Key Words: angiotensin-converting enzyme inhibitors • cerebral blood flow • Doppler • 
hypertension 

► Introduction 



Blood pressure is an established risk factor for the primary incidence of 
stroke. A reduction of 5 mm Hg confers a population risk reduction of 
stroke incidence of 30%.- The potential benefit of antihypertensive 
therapy after cerebral infarction is undefined, but it is likely that 
treatment will be of most benefit in those patients with a higher risk of 
future stroke, ie, those with underlying cerebrovascular disease. A definitive trial recruiting 
sufficient numbers of patients to demonstrate the efficacy of antihypertensive therapy as 
secondary prevention has not yet been performed, but a large, randomized, multicenter, placebo- 
controlled study using perindopril and/or a thiazide diuretic (PROGRESS) will enroll from 6000 
"to 8000 patients with cerebrovascular disease and mild or moderate hypertension. It is hoped that 
this study will clarify the relationship between BP and the secondary incidence of stroke. 
Perindopril is an ACE inhibitor with a gradual onset of action and a relatively long half-life 
allowing once daily dosing; it is less likely to cause first-dose hypotension than other shorter- 
acting preparations such as captopril or enalapril.- ACE inhibitors may be particularly suited to 
patients with cerebrovascular disease because they do not adversely affect cerebral blood flow.- 

Lowering BP within hours of acute stroke can lead to dramatic neurological deterioration, 
probably by reducing cerebral perfusion to the infarct zone.- - The Intravenous Nimodipine West 
European Stroke Trial (IN WEST) evaluated the effects of the calcium channel blocker 
nimodipine in patients within 72 hours of acute stroke. Increased mortality was associated with a 
reduction in BP in actively treated patients.- A BP-lowering effect was also correlated with a 
poor clinical outcome in a phase II study of the ion channel blocker lifarizine.- In the first few 
days after acute stroke, cerebral autoregulation and local cerebral perfusion are deranged, and 
therefore any change in systemic BP may cause a critical reduction in local cerebral perfusion. In 
most cases these changes normalize within 3 to 4 days, and cerebral autoregulation is restored.- 
Immediate BPs are often elevated in patients with acute stroke and resolve within several days of 
hospital admission.- It would therefore seem prudent to defer consideration of patients for 
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antihypertensive therapy for at least 72 hours after hospital admission. After this time, it is still 
unclear which patients should receive antihypertensive therapy and exactly when this should be 
instituted. 



► Subjects and Methods 

A double-blind, randomized trial design compared 15 days of oral 
perindopril (4 mg/d) with placebo in patients admitted to our stroke 
unit with a clinical and CT diagnosis of cerebral ischemia. Patients 
with normal CT scans were included in the study since CT is 
insensitive to early signs of infarction and to small subcortical infarcts. 
All patients had mild to moderate hypertension (170 to 250/95 to 120 mm Hg) as dbfined by two 
BP readings within the inclusion range at least 6 hours apart within the 24 hours before entry into 
the study. BPs at the time of drug administration were therefore not identical to screening BP 
readings because the latter were recorded in the hour immediately before drug dosing. The 
clinical and CT stroke classifications, incidence of previously diagnosed or treated hypertension 
or cerebrovascular disease, and carotid stenosis on Doppler ultrasound are documented in Table 1 
BL Demographics are summarized in Table 2E. 
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View this table: Table 1. Clinical Details of Patients at Entry to Study 
[in this window] 
[in a new window] 



View this table: Table 2. Demographic Details of Patients at Entry to Study 
[in this window] 
[in a new window] 



Patients with severe carotid disease were excluded from the study for technical and safety 
reasons. Patients admitted on prescribed antihypertensive therapy had treatment discontinued 
according to local treatment guidelines for at least 48 hours before entry into the study. Ethical 
approval was obtained from the West ethical committee, and patients gave written informed 
consent to participate. Clinical and neurological assessments according to the NIH Stroke Scale- 
were made before study entry and repeated on day 15. BP was measured semiautomatically with 
the use of Marquette oscillometric equipment (Marquette Electronics) before treatment and then 
hourly up to 10 hours after first dosing. BP measurement was repeated at 24 hours and at 2 
weeks. Total cerebral blood flow was calculated from bilateral internal carotid artery Doppler 
ultrasound (Acuson 128, 5-MHz probe) coupled to a wall tracker device (Wall Track System, 
Neurodata). Arterial flow was calculated as (Trxdiametei^xmean velocity )/4. Details of Doppler 
methods used have been published previously.— MCA velocity and resistance index were 
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measured by transcranial Doppler (Nicolet EME TC2000, 2-MHz probe). Doppler recordings 
were undertaken before treatment and at 2, 4, 8, and 24 hours and repeated at 2 weeks. An 
additional recording of MCA velocity was made at 6 hours. Routine safety biochemistry and 
hematology data were collected at entry and at the conclusion of the study period. Plasma renin 
activity, angiotensin II activity, ACE activity, and drug plasma levels were assessed at 0, 4, 6, 8, 
12, and 24 hours and at 2 weeks. 

Laboratory Measurements 

Plasma renin activity was measured by radioimmunoassay of generated angiotensin I (detection 
limit, 0.54 ng/mL per hour; coefficient of variation, 6.7%). Angiotensin II was determined 
according to Morton and Webb— (detection limit, 2.0 pg/mL; coefficient of variation, 6.4%). 
ACE was assayed by incubation of plasma/serum with the ACE substrate analogue hippuryl- 
: histidyl-leucine. The hippuric acid produced was extracted and then quantified with the use of 
high-performance liquid chromatography. When this assay is used, the limit of quantification is 
0.05 mmol/L, and the limit of detection is 0.01 mmol/L. 

Perindopril levels were assessed by the direct determination of ACE inhibitor in plasma by 
radioenzymatic assay with a modification of the method of Reydel-Bax et al— and liquid 
chromatography-assisted assay for ACE in serum. The active metabolite perindoprilat is 
measured with a calibration range of 0.16 to 20 ng/mL. The limit of quantification is 0.16 ng/mL, 
and the limit of detection is 0.1 ng/mL. 

Statistical Analysis 

Results were analyzed by repeated measures ANOVA and ANCOVA with the use of Statistica 
for Windows software (Statsoft, version 51994). With a sample size of 24 patients, we expected 
to detect a difference in cerebral blood flow of 16% with 80% power. 

► Results 

Tolerance and Safety 

A total of 28 patients were recruited to the study with 24 completing 
the protocol. Patients were aged between 52 and 89 years. Four patients 
failed to complete the protocol. One patient was withdrawn after an 
adverse event that was not believed to be related to drug action. This 
event consisted of transient left arm paresthesia while the patient was undergoing carotid Doppler 
imaging of the right internal carotid artery 9 hours after perindopril dosing; symptoms lasted 5 
minutes and did not recur. Another patient in the perindopril group was withdrawn after only one 
dose when his renal function was found to be mildly impaired before drug treatment. Two 
patients receiving placebo did not complete the study: one was lost to follow-up after transfer to 
an outlying hospital, and another had inadequately documented data to allow analysis. All 
withdrawn patients were followed up and were well at the conclusion of the study. 
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Perindopril was therefore well tolerated with no serious adverse events. Biochemistry and 
hematology results were unremarkable. MeanNIH scores in placebo and treatment groups 
improved in a clinically and statistically similar manner but with no difference between the two 
groups (Table 2a). 

Systolic, diastolic, and mean BPs were significantly reduced in the perindopril-treated patients 
from 2 to 24 hours after perindopril (P<.004) and remained reduced after 2 weeks of treatment 
(perindopril group: 168±17/91±9 mm Hg at baseline to 150±21/79±14 mm Hg at 4 hours; 
placebo group: 172±26/92±14 mm Hg at baseline to 173±23/91±13 mm Hg at 4 hours; ie, a 
placebo-corrected reduction of 18/1 1 mm Hg). There was no associated change in heart rate in 
either group. Despite the reduction in BP, there was no reduction in total internal carotid artery 
flow or MCA velocity, even at the time of peak drug effect (Figures). Internal carotid artery flow 
was increased at 8 hours in the perindopril-treated patients (P<.004). Neither common nor 
external carotid artery flow was significantly different between treatment and placebo groups. 
Determinations of velocity and blood vessel diameter in common, internal, and external carotid 
vessels similarly showed no difference between perindopril and placebo groups. In addition, there 
was no difference in the MCA resistance index (a measure of artery tone and distensibility). 
Renin activity and angiotensin II levels were not significantly different between perindopril and 
placebo groups, but ACE was inhibited by perindopril (P<.00\). The AUC 0 _ 24 for perindoprilat 

was 135 h-ng/mL (data not shown). 

Figure 1. a, Systolic and diastolic BP vs time. BP was 
significantly reduced by perindopril from 2 to 24 hours after 
perindopril (P<.004) and remained reduced after 2 weeks of 
treatment, b, Internal carotid artery (ICA) flow rate vs time. There 
was an increase in the perindopril-treated patients at 8 hours 
(P<.004) but no significant changes at other time points, c, MCA 
flow velocity vs time. No significant deviation from baseline was 
detected. All error bars represent SE of the mean. 
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long-term effect on neurological outcome, but the results are reassuring 
since no patient suffered a drug-associated neurological deterioration. 

ACE inhibitors are thought to lower BP without adversely affecting 
total cerebral blood flow, The role of angiotensin in the physiological control of the cerebral 
circulation has not been adequately defined. The configuration of the ACE gene may be 
important in the generation of accelerated atherosclerosis in the coronary and cerebral 
circulations, although there is conflicting evidence that ACE genotype is relevant in the 
development of cerebrovascular disease. Angiotensin II receptors regulate cerebral blood flow in 
rats. Large cerebral arteries containing angiotensin II receptors ameliorate increases in blood flow 
in response to a rise in BP.— Treatment of hypertensive animals with ACE inhibitors resets 
cerebral autoregulation at a lower level, but this effect may be shared with other antihypertensive 
agents. In hypertensive humans without a history of stroke, captopril increases cerebral blood 
flow-, measured by a SPECT scanning radionuclide 133 Xe technique, with an inverse correlation , 
between reduction in BP and mean cerebral blood flow.— 

Two single-dose studies in healthy volunteers— — assessing blood flow with carotid and 
transcranial Doppler after ACE inhibitor administration demonstrated results similar to those in 
our study, with BP effectively lowered and bilateral' common carotid artery flow increased. MCA 
flow velocity was unchanged, but there was an increase in cerebral vascular resistance index, 
suggesting vasoconstriction in the cerebral arterioles.— 

Hypertensive stroke patients have only been assessed in two uncontrolled studies (each recruiting 
12 patients). Both studies used SPECT scanning and a 133 Xe inhalation technique. In one study 
the drug effectively lowered BP and increased cerebral blood flow to both hemispheres,— while 
in the other study a fall in BP was not associated with a significant blood flow effect.— 

Doppler data support the hypothesis that perindopril does not adversely affect cerebral blood flow 
or alter cerebral hemodynamics in a clinically significant way. The results, however, cannot be 
considered relevant to all patients with severe carotid disease. It is conceivable that the presence 
of hemodynamically significant carotid lesions may lead to a reduction in cerebral perfusion 
distal to a site of stenosis after the lowering of systemic BP. This may be particularly relevant in 
the hours and days immediately after acute stroke, when cerebral autoregulation is deranged and 
consequently perfusion is directly dependent on systemic BP levels. We did not consider it 
ethical to treat patients before 48 hours of onset of stroke symptoms since there is good trial 
evidence that lowering BP at this time results in adverse outcome.- - Further research is required 
to assess whether these patients are indeed more prone to neurological deterioration after BP 
reduction before treatment guidelines can be advised. It is also possible that while total internal 
carotid artery flow is preserved, local ischemic areas may become increasingly compromised as a 
result of a reduction in BP. Other forms of brain imaging techniques such as SPECT or positron 
emission tomography scanning may provide further information on the effects of BP-lowering 
treatment on regional perfusion, particularly in the area surrounding the cerebral infarct. 
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Our data suggest that starting perindopril treatment within 2 and 7 days of the onset of cerebral 
ischemia can successfully and safely lower BP without adversely affecting total cerebral blood 
flow in patients without severe carotid stenosis. 

► Selected Abbreviations and Acronyms 



ACE 


= angiotensin-convertihg enzyme 


BP 


= blood pressure 


MCA 


= middle cerebral artery 


NIH 


= National Institutes of Health 


SPECT 


= single-photon emission computed tomography; 
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